Relatively little is known about the transmission of ascending sensory information from lumbar levels across the behavioral states of sleep and wakefulness.
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The present study used extracellular recording methods in chronically instrumented intact behaving cats to monitor the activity of lumbar dorsal spinocerebellar tract (DSCT) neurons within Clarke's column during the states of wakefulness, quiet sleep, and active sleep. Clarke's column DSCT neurons were identified using antidromic identification and retrograde labeling techniques. The spontaneous spike rate and interspike interval data of DSCT neurons were quantified as a function of behavioral state. During wakefulness and quiet sleep, the spike rate of DSCT neurons was stable, and interspike interval histograms (ISIH) indicated a relatively high degree of regularity in DSCT neuronal spike train patterns. In contrast, during active sleep there was a marked reduction in the ongoing spike rate in a vast majority of cells tested. The magnitude of change in ISlHs and interspike interval data during active sleep depended in part on whether the reduction in cell firing was maintained or periodic throughout active sleep. Further suppression of spontaneous activity also was observed during intense rapid-eye-movement episodes of active sleep that were associated with clustered pontogeniculo-occipital wave and muscular twitches and jerks. After re-awakening, spontaneous spike activity of Clarke's column DSCT neurons resembled that recorded during previous episodes of wakefulness. These data provide evidence that ascending proprioceptive and exteroceptive sensory transmission through Clarke's column is diminished during the behavioral state of active sleep.
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The dorsal spinocerebellar tract (DSCT) is one of the most intensively investigated ascending lumbar sensory pathways. Electrophysiological and anatomical studies have shown that in the midlumbar segments of the spinal cord at least two DSCT neuronal pathways can be differentiated:
those DSCT neurons that are located within Clarke's nucleus (Mann, 1973; Oscarsson, 1973; Burke and Rudomin, 1977; Matsushita et al., 1979; Bloedel and Courville, 1981; Walmsley, 1991) , and those situated within the dorsal horn gray matter, dorsal and lateral to Clarke's column (Edgley and Gallimore, 1988; Edgley and Jankowska, 1988 ). Clarke's column contains large cell bodies with axons that project to the ipsilateral anterior lobe of the cerebellum. The information conveyed by Clarke's column DSCT neurons is proprioceptive in nature, emanating primarily from group Ia and Ib afferents (Eccles et al., 1961; Kuno et al., 1973; Walmsley, 1991) . In addition, exteroceptive inputs from cutaneous sources also have been described for Clarke's column DSCT neurons (Kuno et al., 1973; Mann, 1973 ).
Clarke's column DSCT neurons often have been compared with lumbar motoneurons in terms of their anatomical, physiological, and pharmacological characteristics, although most of these comparisons by necessity have been conducted in "acute" animal preparations (Mann, 1973; Burke and Rudomin, 1977; Walmsley, 1991) . Consequently, very little is known about the discharge characteristics of DSCT neurons during naturally occurring behaviors or behavioral states such as wakefulness and active sleep. Given that DSCT neurons receive a substantial afferent input of muscle spindle origin, which is known to be suppressed during the atonia of active sleep (Kubota et al., 1967) , it can be predicted that synaptic transmission through the DSCT also is suppressed during this state compared with other states such as wakefulness or quiet sleep. However, the only studies performed on sensory transmission through the DSCT are the indirect field-potential studies of Carli et al. (1967b) , who reported that peripheral nerve-evoked mass potentials recorded in the cerebellum were suppressed only during the phasic rapid-eye-movement (REM) episodes of active sleep. This finding suggests that individual DSCT neurons undergo modulatory influences during active sleep. Accordingly, the present study was performed to investigate this possibility.
Specifically, we recorded extracellularly from DSCT neurons during the behavioral states of wakefulness, quiet sleep, and transition into and throughout active sleep. The results are discussed with respect to the activity of these cells during wakefulness and sleep versus during the anesthetic state of previous studies. Finally, the possible mechanisms and significance underlying the changes observed during active sleep are presented.
Portions of this work have been presented previously (Soja et al., 1994 (Soja et al., , 1995a 1981; Soja et al., 1991 Soja et al., , 1993 Soja et al., , 1995b 
RESULTS
Fifty cells were recorded in the L3 spinal cord segment that were identified antidromically as DSCT neurons and monitored during sleep and wakefulness. Recording depths in situ ranged from 1600 to 3200 pm below the surface of the spinal cord. Recording conditions for individual DSCT neurons were very stable and often exceeded 3 hr (Soja et al., 1995b) . However, for data presented here, the sampling period for each neuron was limited to a minimum of one complete cycle of wakefulness, quiet sleep, active sleep, and subsequent re-awakening.
The average time the cats spent in active sleep during recording sessions was 4.7 -' 0.3 (SE, here and below) min (range 1.6-10.2; IZ = 50).
DSCT neurons:
general characteristics Low-intensity search stimuli delivered to the anterior cerebellum were effective in activating L3 neurons in the chronic preparation. Minor adjustments of position (100-200 pm) of the cerebellar stimulation electrode were effective in lowering the threshold for antidromic invasion markedly; however, this was not determined systematically for every cell presented in this study. Nevertheless, the mean threshold stimulus measured for 50 cells was .
Standard criteria for identifying L3 spinal cord neurons as DSCT neurons included a constant latency spike after cerebellar stimuli, the ability of the recorded neuron to follow highfrequency stimulus trains, and collision between orthodromically and antidromically propagated spikes (Lipski, 1981; Soja et al., 1995b ). An example of a neuron meeting each of these criteria is illustrated in Figure 1 . Consecutive antidromically generated spikes of DSCT cells demonstrated constant latency and, as shown in Figure LA , were superimposable. Antidromic action potentials also followed short-duration threshold stimulus trains (2-6 pulses) delivered at 1 Hz. The interpulse intervals within the train were varied between 1.25 and 3.0 msec, which corresponds to frequencies of 800 and 333 Hz, respectively (Fig. 1B) . Highfrequency following using longer stimulus trains consisting of up to six pulses often was demonstrated for most other DSCT neurons in this report (see Fig. 3 in Soja et al., 1995b) . Such stimuli, when applied at threshold intensities, never aroused the animal and did not interfere with the animal's normal oscillations between wakefulness and sleep.
Collision between orthodromically and antidromically propa- gated action potentials is considered to be the most robust criterion of antidromicity and is essential if one is identifying the axonal destination of recorded lumbar sensory neurons in the chronic cat preparation (Soja et al., 1995b) . The ongoing spike activity of DSCT neurons in the chronic cat preparation provides ideal conditions for demonstrating spontaneous collision, as illustrated in Figure 1C . Therefore, in the present study, collision consisted of two types-spontaneous and evoked. Collision between spikes propagated antidromically and spikes generated orthodromically also was possible and was achieved most easily in cells in which there was a consistent short-latency action potential evoked by peripheral nerve stimulation ( Fig. 1D ) (see Soja et al., 1995b) . However, in the present study the spontaneous type of collision was demonstrated easily for every cell. The average antidromic latency for spike generation measured from the beginning of the stimulus artifact to the initiation of the action potential measured 3.5 -+ 0.1 msec (range 2.7-5.6). Estimates of DSCT neuron conduction velocity were based on postfixation conduction distances and measured 81.1 ? 2.1 m/set (range 47.8-104.4).
The distribution of 50 DSCT neuron antidromic latencies and conduction velocities is illustrated in Figure  2 and corroborates values reported in acute anesthetized preparations (Lundberg, 1964; Mann, 1973; Burke and Rudomin, 1977; Bloedel and Courville, 1981) .
After antidromic identification, each neuron was tested for its response to low-threshold stimulation of the ipsilateral sciatic nerve. Threshold stimuli (276 ? 15.9 & range 160-450) applied to the sciatic nerve evoked a short-latency monosynaptic response ( Fig. 10) characterized by a single action potential or by two action potentials (latency 3.4 2 0.15 msec; range 2.0-5.0) which is consistent with previous observations obtained in acute anesthetized animal preparations (Lundberg, 1964; Oscarrson, 1973; Knox et al., 1977) . Stimuli applied to the sciatic nerve also evoked polysynaptic responses that were characterized by a short burst of spikes (3-6) with an average latency of 18.1 i 3.5 msec (range 7-40). Detailed analyses of the DSCT neuronal responses to consecutive volleys delivered to the sciatic nerve across wakefulness and sleep will be presented elsewhere.
Anatomical location of DSCT neurons in the chronic cat preparation
Our sample of cells reported here comes entirely from electrode tracts directed 0.2-0.6 mm lateral to the midportion of the dorsal columns and at in situ depths corresponding to micromanipulator readings between -1600 and 3200 pm. Actual micromanipulator depth readings in the chronic preparation over the course of the animal's recording lifespan are misleading. Anatomical studies have indicated that Clarke's column DSCT neurons are located at depths ranging from -1500 to 2000 pm (Randic et al., 1981; Houchin et al., 1983; Walmsley and Nicol, 1990) . To confirm that our antidromically activated neurons were located within Clarke's column compared with more dorsolaterally situated DSCT neurons that also are present in midlumbar spinal cord segments (Edgley and Gallimore, 1988), cholera toxin B subunit conjugated with colloidal gold was microinjected in two separate cats at the exact stereotaxic coordinates where antidromic stimuli "backfired" spinal cord cells. This procedure yielded retrogradely labeled DSCT neurons located entirely within Clarke's nucleus at spinal cord depths ranging from -850 to 1200 pm after fixation (Fig. 3B,C) . The discrepancy between our in situ micromanipulator depth readings and post-fixation labeling results likely is attributable to multiple factors including tissue shrinkage, inherent dead space in pneumatic microdrive slave cylinder, and false zeros caused by the presence of CSF produced on the cord surface, despite routine efforts to minimize the impact of the latter two factors.
Nevertheless, our anatomical and physiological findings, together with previous neuroanatomical data ( Grant and Xu, 1988; Walmsley and Nicol, 1990) indicate that our recordings emanated from large cell bodies located entirely within Clarke's column. In addition, they highlight the possible hazards of relying only on micromanipulator depth readings in assigning unidentified cells recorded in the chronic preparation as belonging to a specific dorsal horn lamina or ascending sensory pathway.
Spontaneous
spike activity during wakefulness and quiet sleep Clarke's column DSCT neurons in the chronic unanesthetized cat demonstrate spontaneous spike activity (Soja et al., 1994 (Soja et al., , 1995a . During wakefulness and quiet sleep, the occasional postural adjustment does occur, causing reversible phasic increases or decreases in DSCT neuronal spike activity. However, the association between firing rate and different postural positions was not assessed in this study. Nevertheless, the frequency of occurrence of such movements is very low and does not interfere with the collection of stable baseline data (Soja et al., 1995b) . During quiet wakefulness, a state in which little or no postural movements occur and that is also characterized by a desynchronized cortical EEG pattern, tonic EMG activity, and sparse or no PGO and EOG activity, the average spontaneous discharge rate of all 50 DSCT neurons measured 17.6 i 1.3 spikesisec (range 3.5-45.7). There was no correlation between spontaneous spike discharge rate of DSCT neurons during the state of wakefulness and their axonal conduction velocity (Y = 0.07, p > 0.05), substantiating previous studies performed in the acute anesthetized cat preparation (Knox et al., 1977) . An example of the spontaneous spike discharge rate of a DSCT neuron during wakefulness is illustrated in Figure 4A .
The behavioral state of 'quiet sleep is characterized by a large-amplitude-synchronized slow-wave EEG pattern, relatively moderate EMG activity, and little or no EOG and PGO wave activity (Fig. 4A) . The group mean spontaneous spike rate for 50 DSCT neurons measured 16.9 t 1.3 spikesisec (range 1.7-44.6,~ > 0.05). The stable baseline in spike activity of a typical DSCT neuron recorded in the chronically instrumented cat during wakefulness and quiet sleep is illustrated in Figure 4A . The scattergram in Figure 4B indicates that for every cell, the firing rate during wakefulness and quiet sleep was not different (r = 0.952,~ < 0.05). Thus, the ongoing spike rate of DSCT neurons does not differ between the behavioral states of wakefulness and quiet sleep. Spontaneous activity during transition into and throughout active sleep Large-amplitude primary PGO waves are a characteristic hallmark demarcating the onset of the transition period between quiet and active sleep (Ursin and Sterman, 1961) . During transition, EEG wave activity shifts gradually from a synchronized to a desynchronized pattern, and EMG activity most notably disappears, designating atonia (Figs. 6A, 7A ). During the transition period, the spontaneous discharge rate of the entire population of DSCT neurons was 15.7 + 1.2 spikes/s (range 1.6-40.1). However, during active sleep when EEG desynchrony, muscle atonia, PGO wave activity, and EOG activity are present, overall DSCT neuronal activity was reduced by 38.8% to 10.7 + 1.1 spikes/s (p < 0.05, range 0.3-33.6). Individually, during active sleep 42 cells were suppressed by >15% of their control value, 5 cells underwent a ~15% increase, and the remaining 3 cells were unchanged. The histogram illustrated in Figure 5 illustrates the distribution of these relative changes in spontaneous discharge across the entire group of DSCT neurons.
During the course of this study, we observed that DSCI neurons could be subclassified into two distinct categories based on the pattern of their active-sleep-related suppression of spike activity. Twenty-three of 50 cells (46%) could be classified as type I cells, which demonstrated suppression that was sustained throughout the entire episode of active sleep. Figure 64 illustrates a 15 min continuous recording of a type I DSCT neuron during quiet sleep, transition, active sleep, and re-awakening. In this particular cell, suppression of spike activity occurred during the transition into active sleep, just before the onset of atonia, and remained suppressed throughout the entire episode of active sleep. After re-awakening, the firing rate resumed to the preactive-sleep level. The histograms in Figure 6B summarize the spike activity of 23 type I cells during sleep and wakefulness. Note that spike activity was suppressed during the transition period and throughout active sleep by 18.9 and 57.9%, respectively (p < 0.05).
Nineteen of 50 DSCT cells (38%) were subclassified as type II cells based on their overall pattern of active-sleep-related activity. In type II cells, the active-sleep-related suppression was not sustained as it was in type I cells but, rather, was intermittent in nature. An example of suppression of spike activity in a type II cell is illustrated in Figure 7A . In contrast to type I cells, which demonstrated reduced firing rates during transition and through- The histograms in Figure 7B summarize the rate data obtained for type II cells undergoing phasic periods of suppression during active sleep. The spike rate in type II cells decreased by 27.7% during active sleep (p < 0.05). This degree of active-sleep-related suppression was significantly different from that observed for type I DSCT neurons (p < 0.05, independent Student's t test). In both type I and II cells, the spike rate during the awake state after each episode of active sleep resumed to the level obtained during wakefulness preceding the transition and active-sleep periods (Fig. 6B, 7B) . Hence, the reduction in spike rate was activesleep-dependent.
Eleven cells were recorded over two or more cycles of active sleep. In each case, type I (n = 5) and type II (n = 6) cells displayed their respective predictable patterns of suppression of spike activity; that is, type I cells underwent comparable degrees of sustained suppression, whereas type II cells underwent similar intermittent suppression. Finally, 5 of 50 DSCT neurons (10%) displayed a >15% increase in their spontaneous firing rate during active sleep compared with preceding episodes of wakefulness (wakefulness, 13.8 ? 3.4 spikes/ set; active sleep, 17.8 -+ 4.4 spikes/set; p < 0.05). Of these, 2 cells demonstrated a sustained increase, whereas the remaining 3 cells displayed intermittent periods of high-frequency bursts.
Analyses
of DSCT neuron interspike intervals during sleep and wakefulness ISIHs provide an indication of the regularity of spike discharge during a given behavioral state. Because a majority of the population of DSCT neurons underwent suppression during active sleep, interspike interval distributions were constructed for these cells using the same data files that were used for determining mean firing rates across the sleep-wake cycle.
The ISIHs for both type I and type II DSCT cells during wakefulness and quiet sleep were very similar. Interspike interval distributions were leptokurtic and positively skewed, and a majority of interspike intervals ranged from 10 to 100 msec (Fig.  SA,B) . The interval distributions for both types of DSCT neurons were characterized further during wakefulness and quiet sleep by similar median intervals and inner quartile ranges (Tables 1, 2) . These data and equivalent CD and CV values (Tables 1, 2) substantiate the relative regularity of spike discharge of type I and type II DSCT cells that comprise Clarke's column during these two behavioral states (Figs. 4A, SAJ) .
The ISIHs of type I DSCT neurons during the state of active sleep were markedly different from ISIHs constructed from wakefulness and quiet sleep (Fig. 84) . Most notably, the ISIHs of individual type I cells during active sleep were characterized by a broader asymmetric distribution of interspike intervals and were made up of considerably fewer intervals. The asymmetrical nature of type I cell spike trains reflects an irregular pattern of spike discharge characterized by bursts of three to four action potentials followed by pauses of variable durations (Figs. 6A, 8A ). The sustained reduction in firing rate also would contribute to a decreased number of longer interspike intervals. Consequently, the median interval value and inner quartile range during active sleep across all type I cells were extended twofold and fourfold, respectively (Table 1 ). An additional confirmation of this change in regularity of spike discharge is the sixfold and nearly twofold increase in the CD and CV values, respectively.
The ISIHs of type II DSCT cells during active sleep showed a similar distribution of intervals to those ISIHs constructed during preceding episodes of quiet sleep or wakefulness in that they displayed large peaks corresponding to shorter intervals. However, the distributions were characterized further by prolonged, positively skewed tails (Fig. 8s) . This reflects a regularity in spike discharge as was observed during wakefulness and quiet sleep. In addition, the appearance of positively skewed tails in ISIHs of type II cells during active sleep indicates the presence of an underlying irregular pattern of spike discharge characterized, in part, by the presence of longer intervals attributable to pauses in cell firing. Collectively, this was confirmed by the CD and CV values during active sleep being increased by factors of 6 and 1.8, respectively (Fig. 8B , Table 2 ).
Suppression of ongoing activity during REM saccades of active sleep After closer examination, it was clear that pauses in cell firing were present in both type I and type II DSCT neurons during the REM episodes of active sleep. Such pauses were most prominent during more intense and sustained REM saccades that also were associated with clustered PGO wave activity. An example of the REM-related pause of DSCT spike activity is presented in Figure  9A . During the active-sleep episode, six individual REM events occurred resembling that illustrated in Figure 9A . These REM events were marked at the beginning of the REM oscillation and PGO wave activity. The composite averaged peri-REM event histogram of activity derived from the six phasic individual REM episodes is illustrated in Figure 9B . Note that the spike activity in this cell was reduced maximally during the initial 2.5 set of the REM saccade. Detailed analyses of DSCT spike activity in association with eye movements during active sleep versus wakefulness will be reported elsewhere.
DISCUSSION
The present study was designed to explore the electrophysiological characteristics of neurons comprising a specific identified ascending lumbar sensory tract, namely, the DSCT, in the unanesthetized chronic behaving cat during the states of wakefulness, quiet sleep, and active sleep.
The positive identification of DSCT neurons in the chronic cat preparation was confirmed first by using classical antidromic identification criteria. The ongoing spike activity, as well as the monosynaptic responses evoked by low-intensity sciatic nerve stimulation, represents additional characteristic features that are common to DSCT cells in both acute anesthetized (Jansen et al., 1966; Mann, 1973; Oscarrson, 1973; Knox et al., 1977) and chronic (Soja et al., 1995b) animal preparations.
Furthermore, the antidromic conduction velocities of DSCT neurons recorded from chronically instrumented cats are consistent with those reported for Clarke's column DSCT neurons in acute anesthetized preparations (Lundberg, 1964; Mann, 1973; Burke and Rudomin, 1977; Knox et al., 1977) . Collectively, these findings, together with our retrograde labeling results using cholera toxin subunit B conjugated with colloidal gold, indicate that the backfired cells recorded likely were the large DSCT neurons of Clarke's column.
Comparison of spontaneous discharge rates during wakefulness versus acute anesthetized state The spontaneous spike activity of DSCT neurons is thought to be attributable primarily to peripheral sources, i.e., group Ia and Ib fibers (Mann, 1973; Oscarsson, 1973; Burke and Rudomin, 1977; Bloedel and Courville, 1981; Walmsley, 1991) . Central (interneuronal) and perhaps supraspinal sources also may contribute to the spontaneous activity of DSCT neurons (c.f. Holmqvist et al., 19.57, 1960) . The question of whether intrinsic pacemaker activity contributes to the baseline activity of Clarke's column neurons has not yet been delineated clearly from intracellular studies. Time (ms) Figure 8 . Representative ISIH distributions for spike activity recorded from type I (A) and type II (B) DSCT neurons recorded during wakefulness, quiet sleep, and active sleep. Note the similarity of the ISIH and computer-generated spike trains (5 set) of both neurons during wakefulness and quiet sleep. The median intervals are indicated by the dashed vertical lines. During wakefulness and quiet sleep, the median values correspond to the maximum peak envelope of short intervals. During active sleep, the ISIH of type I neurons often displayed a broader asymmetrical distribution of intervals, whereas ISIHs of type II neurons often were characterized by a smaller peak at short intervals followed by a long, skewed tail. Note the lower spike rate evident in the type I neuron during active sleep (A) compared with the spike rate of the type II neuron (B). unlikely to play a major role in underlying the spontaneous activity of these cells, because intracellular labeling studies of Clarke's column somata have not revealed the presence of recurrent axon collaterals (Randic et al., 1981; Houchin et al., 1983; Walmsley and Nicol, 1990) .
Under our recording conditions, chronically instrumented cats are intact and unanesthetized, and their hindlimbs are tucked in a natural sitting position. During quiet wakefulness, in the absence of postural adjustments, the group mean firing rate of the entire population of DSCT neurons is -17 spikesisec, ranging from -4 to 45 spikesisec. The spontaneous spike rate for each individual DSCT cell is relatively constant (Fig. 4A,B) and is not related to its axonal conduction velocity. All previous studies of Clarke's column DSCT neurons have A typical REM episode during the state of active sleep is demarcated by the dashed vertical lines and is characterized by intense saccadic eye movements, a burst of PGO waves, and breakthrough activity in the isoelectric (neck) EMG trace. The bottom trace represents the computergenerated spike train of spontaneous spike activity of this cell around the REM event. The spike activity of this cell already was reduced during active sleep. Note the phasic suppression of this cell's spike activity during the REM event. The mean firing rate for this cell during a 4 set period before, during, and after the REM event was 24.5, 9.1, and 28.8 spikesisec, respectively.
A total of six REM events of ~2.5 set duration occurred during the active sleep episode for this cell. A cursor mark at the beginning of each event was used to trigger a computer subroutine for generating the averaged post-REM event histogram (binwidth, 1 set) of spike discharge as well as each behavioral state trace (B). Note that the cell's firing rate in the averaged histogram was suppressed markedly during REM event by 56.4%. The arrow indicates the onset of the events, and the dotted line under the histogram indicates a 2.5 set duration common to all six phasic REM episodes throughout the state of active sleep (DSCI neuron conduction velocity, 101 misec).
been performed on cats anesthetized with barbiturates or other hypnotic agents, e.g., cw-chloralose. Group mean spontaneous firing rates for individual DSCT neurons in acute anesthetized cats generally are lower than those reported in the present study. For example, Holmqvist et al. (1957) reported that the group mean firing rates of 10 individual DSCT units was between 14 spikesisec in one animal and 8 spikesisec in another, whereas Laporte and Lundberg (1956 ), Mann (1973 ), and Knox et al. (1977 reported that firing rates of 510 spikes/set were very common in DSCT neurons.
It would be expected that the excitability of Clarke's column DSCT neurons as a population would be lower in the anesthetized state than in wakefulness. Indeed, in related work we have confirmed this by demonstrating that the spontaneous and evoked discharge responses of DSCT neurons are reduced markedly during the state of barbiturate anesthesia induced by thiopental compared with the state of wakefulness (Fragoso et al., 1995) .
ISIHs indicate that DSCT spike discharge in the chronic cat during the states of wakefulness and quiet sleep is quite regular. Individual
ISIHs in the present study during wakefulness and quiet sleep typically displayed a narrow range of short interspike intervals (Tables 1, 2) that resemble those described for DSCT neurons recorded in acute anesthetized animal preparations (Jansen et al., 1966 (Jansen et al., , 1969 Kuno et al., 1973; Mann, 1973) . CD and CV values of interspikc interval data from DSCT neurons recorded during wakefulness and quiet sleep also are consistent with those obtained from DSCT neurons in acute anesthetized preparations (Jansen et al., 1966 (Jansen et al., , 1969 Knox et al., 1977) .
Suppression
of DSCT neuron spike activity during active sleep The principal finding obtained in the present study is that the majority (84%) of the population of DSCT neurons studied undcrgoes a reduction in its firing rate and a change in its spike train pattern specifically during the state of active sleep. Previous studies by Pompeiano et al. (1967) , using mass-action recording techniques, suggested that during active sleep the transmission of ascending sensory information through the DSCT as well as other ascending pathways (Carli et al., 1967a,b) is attenuated only during the phasic episodes of active sleep. Since the earlier pioneering studies by Carli et al. (lY67b, c) and Pompeiano et al. (1967) , no reports have appeared in the literature describing the activity of irzu'ividuul ascending lumbar sensory tract neurons during the sleep-wake cycle.
We have shown here that individual DSCT neurons indeed undergo a reduction in their ongoing firing rate during the state of active sleep. Two specific types of reduction in spike activity, i.e., sustained (type I) and intermittent (type II), also arc evident. In addition, REM event-related pauses occur in DSCT spontaneous spike activity. The reduced rate and markedly different ISlHs of DSCT neurons during active sleep relative to quiet sleep and wakefulness indicate that complex changes occur in the transfer of ongoing sensory transmission to the ccrcbcllum and higher centcrs during this state. This is confirmed by an active-sleep-related incrcasc in the inner quartile range of interspikc intervals and the increase in CD and CV values indicating increased spike aggregation (Cocatre-Zilgicn and Delcomyn, 1992) . Indeed, DSCT neuron spike trains during active sleep often displayed pauses followed by a bursts of three or more action potentials during non-REM (Fig. 8A) and REM (Fig. 9A) periods.
Mechanism of active-sleep-related suppression of DSCT neurons The active-sleep-related suppression of DSCT neuronal spike discharge observed in the present study may arise as a consequencc of presynaptic and/or postsynaptic forms of inhibition (Carli et al., 1967a) . Howcvcr, a inajor limitation of the cxtracellular recording techniques used in the present study is that they do not allow one to distinguish between either mechanism operating on DSCT neurons. There is substantial evidence that during active sleep, lumbar motoneurons are subjected to a process of glycinemediated postsynaptic inhibition (Morales et al., 1987; Chase et al., 1989; Chase and Morales, 1YYO; Soja et al., lY91) . Hence, the reduction of DSCT neuron activity during active sleep may reflect, in part, a process of disfacilitation arising because of the following: (I) a reduction of affercnt input attributable to postsynaptic inhibition of motoneurons; (2) a reduction of muscle spindle sensitivity through the y-loop (Kubota ct al., 1967); and (3) a process of primary afferent depolarization that is engaged during active sleep (Morrison and Pompeiano, 1965, 1966; Baldisscra ct al., 1966) .
In preliminary experiments (Soja ct al., lYY4), the probability of evoking antidromic action potentials with threshold stimuli was assessed during active sleep versus wakefulness in an effort to detect a postsynaptic shunt. However, this approach for detecting postsynaptic inhibition of DSCT cells during active sleep was complicated by the active-sleep-related reduction in spontaneous firing rate as well as by the high security for antidromic invasion inherent in DSCT neurons (Gustafsson and Lipski, 1980; Lipski, 1981) . A final possibility is that certain affcrcnt inputs to Clarke's column DSCT neurons are subjected to active-sleep-specific modulatory influences. Presently, WC have no information regarding which of our DSCT cells specifically belong to the proprioceptive or cutaneous divisions of the DSCT, but it is likely that WC recorded from DSCT cells receiving input from each of these sources, because the ranges of conduction vclocitics for both categories overlap (Mann, 1971 (Mann, , 1973 with our conduction velocities, and the neuronal responses to low-intensity stimuli applied to the sciatic nerve include both short-latency and longer polysynaptic responses. Now that active-sleep-specific suppression of the ongoing discharge rate through Clarke's column DSCT neurons has been demonstrated clearly, it is important to determine whether there is active-sleep-dependent selectivity for certain types of affercnt inputs, e.g., those specifically emanating from muscular versus cutaneous origins. input from lumbar levels may not be engaged fully (or required) during active sleep. The additional reduction in synaptic transmission through Clarke's column to the cerebellum that occurs during the phasic REM episodes of active sleep also may contribute indirectly to the paroxysmal depolarizing influences directed to motoneurons during REM episodes (Chase and Morales, 1982, 1983; Soja et al., 19YSc) .
Another significant ramification that must be considered is the divergence that occurs with DSCT axons beyond the spinal cord level. The input conveyed by Clarke's column cells and other DSCT cells (Asif and Edgley, 1992 ) is known to reach prcthalamic relay nuclei Z and X (Johansson and Silfvcnius, 1977a,b) and the lateral reticular nucleus (Burton et al., 1971) . Such medullary nuclei are thought to relay spinal proprioccptive and cutaneous inputs to the thalamus and cortex, suggesting that sensory information transmitted via Clarke's column also is perceived consciously by higher centers.
During active sleep, partial deafferentation to these centers would be expected to occur and might expl ai n partially the diminished sensory awareness that is characteristic of the active-sleep state (Arkin et al., 1975; McCarley and Hoffman, 1981; Nielsen et al., 19Y3; Symons, 1993) . In addition to the present findings, recent studies that support these clinically relevant observations indicate that the synaptic transmission through other sensory systems, e.g., the rostra1 trigeminal sensory nuclear complex (Cairns ct al., 1995) and the spinoreticular, spinothalamic, and spinomesencephalic tracts (Soja et al., 1993) , is attenuated in concert with the cessation of motor outflow during the state of active sleep. Whether a reduction of proprio-ceptive and exteroceptive input to the thalamus via other (un)crossed DSCT pathways originating from lower segments of the spinal cord (Aoyama et al., 1973; Asif and Edgley, 1992; Huber et al., 1994 ) also occurs during active sleep remains to be determined.
